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Abstract 
 
The third instar larva and the female genitalia of Trechus gamae Reboleira et Serrano (Coleoptera Carabidae Trechini) are de-
scribed, illustrated and commented. Larvae and imagos were collected in deep parts of caves from Estremenho karstic massif in 
the centre Portugal. The work provides the first study on hypogean beetle larvae from Portugal, increasing the knowledge about 
hypogean microendemic species from the Lusitanic district of the Iberian Peninsula. The morphological diagnostic characters of 
the female genitalia corroborate the inclusion of T. gamae in the “T. fulvus-group”. Some new data on the ecology of this species 
are also given. 
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Introduction 
 
Historically, the morphology of imagos represents the 
major source of phylogenetic information of beetles, 
with a certain absence of emphasis on larvae morphol-
ogy. This is strongly related to the problems that arise 
when surveying chaetotaxy in preimaginal stages and to 
the scarce knowledge and interest about beetle larvae 
(Bousquet and Goulet, 1984; Grebennikov and Maddi-
son, 2005; Solodovnikov, 2007). 
Pre-imaginal stages may supply addictional and im-
portant information on ecological details. The larva is a 
different phenotypic expression of the same genotype of 
the imago and thus provides a good source of informa-
tion and morphological diagnostic characters in taxon-
omy (Grebennikov and Maddison, 2005). 
Obtaining adults from larvae at breeding laboratory in 
the case of hypogean species, is rare due to the diffi-
culty of recreating the underground environmental con-
ditions, so caves are unique places for studying pre-
imaginal stages of beetles (Casale and Marcia, 2007). 
Several studies about morphology of hypogean Trechini 
larvae and also about the genus Trechus Clairville 1806, 
have been performed (Casale and Marcia, 2007; Gia-
chino, 1985; 1989; Jeannel, 1920; Luff, 1993; Makarov 
and Koval, 2003; Ortuño and Reboleira, 2010). 
Female genitalia and more specifically the spermate-
cal complex is one important anatomical trait of the 
imago, aforetime neglected in taxonomic and systematic 
studies of Coleoptera, more particularly Carabidae. 
These structures contribute with very interesting infor-
mation about phylogenetic relations (Liebherr and Will, 
1998), therefore such studies have been included in re-
cent decades (Liebheer, 1986; 1991; Freitag and Barnes, 
1989; Roig-Juñent, 2000; among others). 
The female genitalia may provide relevant information 
about relations between species of the genus Trechus 
(Ortuño, 2004; Ortuño and Toribio, 2005) and therefore 
may contribute to reinforce the “species groups", sensu 
Jeannel, 1927. 
Nowadays, there are four known species of hypogean 
beetles in karstic caves in Portugal and their knowledge 
is limited to the description of imagos habitus, aedeagus 
and some activity recorded during winter and spring 
(Bellés, 1987; Jeannel, 1941; Reboleira et al., 2009; 
2010). Details about their biology and preimaginal 
stages are still unknown. 
The present paper describes the third-instar of the 
larva and the female genitalia of Trechus gamae Rebo-
leira et Serrano 2009 (Reboleira et al., 2009), included 
in the T. fulvus-group (Jeannel, 1927). This species is 
endemic from the central subunit of Estremenho karstic 
massif - Planalto de Santo António, a Jurassic (Dogger) 
limestone, in the centre of Portugal. All the adults and 
larvae where obtained in deep parts of caves, where they 
seem to be the only hypogean beetle inhabiting (Rebo-
leira et al., 2009). 
 
 
Materials and methods 
 
Two larvae from Algar da Arroteia, 18.III.2007, S. Re-
boleira leg. and one from Algar do Pena, 10.III.2007, 
and one female from Algar das Gralhas VII, 24.III.2007, 
S. Reboleira leg., were selected from the field work con-
ducted in five caves within the Santo António Plateau, 
of Estremenho karstic massif, centre Portugal (table 1). 
During six months, each cave was monitored in three 
different zones: near the entrance, in the deeper/terminal 
part of the cave and in one intermediate zone, to a maxi-
mum depth of 95 m. 
Sets of five pitfall traps (each trap: 6 cm diameter, 7 
cm depth, with a 1 cm diameter tube fixed inside, at the 
centre) were used in each selected zone. Substrate type 
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Table 1. Abiotic parameters of the studied caves. Entrance level and maximum depth sampled in meters, and mean 
temperature in depth zone in ºC. 
 
Cave  Locality Altitude Depth Temperature 
Pena  Barrerinhas 340 95 13.5 
Gralhas VII  Pé da Pedreira 350 75 15 
Marradinhas II  Casais da Moreta 250 30 17 
Ladoeiro  Alvados 485 70 15.5 
Arroteia  Chão de Pias 450 60 16 
 
 
alternated between clay, limestone and bat guano. Traps 
were 1/3 filled with 1.2-propanodiol, and pork liver was 
used as attractive bait. Traps were covered with small 
stones to prevent flooding and disturbance by small ver-
tebrates. The traps were checked and material collected 
monthly. 
The largest larva was selected to describe, unequivo-
cally, the larval instar-III. The larva was cleaned and 
preserved in Scheerpeltz solution (70% ethanol, 29% 
distilled water, 1% acetic acid and glycerine). After ex-
amination, the selected larva was prepared in Hoyer’s 
solution (see Anderson, 1954: 30 g gum arabic, 20 ml 
glycerine, 50 ml distilled water, 200 g chloral hydrate) 
and mounted on microscope slide. Chloral hydrate was 
used as clearing agent of larval integument. 
Notation of the primary setae and pores according to 
the homology method proposed by Bousquet and Goulet 
(1984) and used by Makarov (1994) in the key to the 
genera of the Palearctic larvae of the Carabidae. The 
presence of additional setae and pores were compared to 
the archetypal model of Bousquet and Goulet (1984). 
Setae are numbered with roman numerals, and pores 
with greek letters following the same lines as Giachino 
(1989). Several microsetae that do not express bilateral 
symmetry were not encoded, this feature is particularly 
noted in the thorax and urogomphi. 
The usual procedure was used to prepare the female 
genitalia for microscopy studies (Ortuño et al., 1992; 
Ortuño and Arillo, 2005). The terminal abdominal ap-
pendices were immersed in a saturated solution of KOH 
during 8 hours, then washed with Scheerpeltz solution 
and colored Chlorazol Black E®. The female genital was 
prepared with DMHF (Dimethyl Hydantoin-
Formaldehyde Resin) and put on an acetate sheet. 
Detailed analysis was made using an optical micro-
scope and stereomicroscope, both equipped with draw-
ing tubes. 
The permanent microscope slides and others speci-
mens are deposited in the first author collection and in 
the second author collection in Alcalá de Henares Uni-
versity (Spain). 
 
 
Results 
 
Description of the third instar larva of T. gamae 
Habitus (figure 1): Larva slightly sclerotized; whitish 
with testaceous head; body shape very slender, subpar-
allel-sided; larval length (from mandible to urogomphi 
apex, macrosetae excluded) 6.6 – 7.1 mm and legs with 
only one claw. 
 
Figure 1. T. gamae habitus of the third instar larva, dor-
sal view. Larva size: 6.6 mm. 
 45
Cephalic capsule (figure 2A, 2B): subquadrate; longer 
than wide; flattened; narrowing at the base with a very 
narrow constriction in the middle of posterior lateral re-
gion; stemmata absent. Epicranial suture long (epicra-
nial suture length / head length ratio = 0.17). Frontale 
sutures clearly visible, deeply curved and sinuous. Ante-
rior margin of epistome (nasale) (figure 3A) tri-lobed; 
slightly asymmetrical; with variable number of teeth on 
each lobe; median lobe slight protruding. Frontale 
sclerite with isodiametric microsculpture of the integu-
ment, and parietal sclerite with more or less transverse 
microsculpture (figure 3B, 3C). 
 
A
 
B
 
 
Figure 2. T. gamae cephalic capsule: A) dorsal view; B) ventral view. Scale bar: 0.3 mm. 
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Figure 3. T. gamae details of the cephalic capsule: A) 
nasale and anterior margin of front; B) microsculpture 
of the frontal sclerite in dorsal view; C) microsculp-
ture of the parietal sclerite in dorsal view. Scale bar: 
0.1 mm. 
 
 
Chaetotaxy of cephalic capsule: frontale [FR] (figure 
2A): with 9 setae (FR1-FR5 ; FR7-FR10) + 3 setae (FRI-
FRIII) and 5 pores (FRb-FRf) on each side; FR2 very long 
and FR8 slightly longer than FR9. Parietal [PA] (figure 
2A, 2B): with 19 setae (PA1-PA19) + 21 setae (PAI-
PAXII; PAXIII-PAXXII); 11 pores (PAa-PAc; PAh-PAo) on 
each side; PA4, PA7, PA9, PA14. 
Mandible [MN] (figure 4A): falciform without addi-
tional teeth on terebra; moderatly curved; with 2 setae 
(MN1-MN2) and 2 pores (MNb-MNc); penicillum mod-
erately developed. 
Labium [LA] (figure 4B): labial palps with 4 articles, 
prementum with 6 setae (LA1-LA6) and one pore (LAa) 
on each side; setae LA5 small and LA6 shorter than the 
first palp article; second articles with one pore (LAc) 
and a complex of sensors; fourth articles with a sensory 
apex. 
Maxilla [MX] (figure 4C, 4D): lacinia absent. Cardo 
with one seta (MX1). Stipes with 4 setae (MX2-MX5) + 
2 setae (MXI-MXII) and 2 pores (MXa, MXc) and a vari-
able number of setae (gMX); setae MX4 elongate, com-
pared with the archetypal model (Bousquet and Goulet, 
1984). Galea with 2 articles (half as long as maxillary 
palps); second one largest than the first; first article of 
galea with 1 setae (MX7) and one pore (MXd); second 
article with 1 setae (MX8) + 1 setae (MXIII) and a apical 
membranous sensilla. Maxillary palps with 5 articles; 
first article is the largest palp, with 1 setae (MX10); sec-
ond article with 2 pores (MXe-MXf); third article with 1 
seta (MX11) and 1 pore (MXg) and fifth article with an 
apical membranous sensilla. 
Antenna [AN] (figure 4E): with 4 articles, all with 
greater length than width; first article with 3 pores 
(ANa-ANb and ANe); second article with 1 seta (ANI); 
third article with 3 setae (AN1-AN3) and a conic senso-
rial appendage; fourth article with 4 setae (AN4-AN7), 
one pore (ANg) and a sensorial appendage on the apex. 
Thorax (figure 5): with a heavily sclerotized area with 
numerous additional setae; prothorax subquadrate; 
mesothorax and metathorax transverse. Pronotum [PR] 
(figure 5A): 1.1 times longer than wide; notum with 12 
setae (PR1-PR6 and PR8-PR9 and PR11-PR14) and 4 pores 
(PRb-PRc; PRg, PRi) on each side. Mesonotum [MS] and 
metanotum [MT] (figure 5B, 5C): wider than large. 
Mesonotum with all primary setae (MS1-MS14) and 4 
pores (MEa- MEb and MEf- MEg). Metanotum with all 
primary setae (MT1-MT14) and 5 pores (MEa-MEc; MEf-
MEg) on each side. 
Leg (figure 6A) with one claw; claw [CL] with one 
short seta (CL1); tarsus [TA] with 3 setae (TA1-TA2 and 
TA7); tibia [TI] with 7 setae (TI1-TI7) + 2 setae (TII-TIII) 
and 1 pore (TIa); femur [FE] with 5 setae (FE1-FE2 and 
FE4-FE6) + 11 setae (FEI-FEXI); trochanter [TR] with 7 
setae and 4 pores (TRb-TRe). 
Abdomen: urogomphi [UR] (figure 6B), in dorsal 
view, with 9 setae (UR1-UR9) + 5 setae (URI-URV) and 
4 pores (URa, URd-URe, URg) on each side; UR3 very 
long compared with the archetypical model (Bousquet 
and Goulet, 1984). Pygidium [PY] (figure 6C, 6D) with 
conical shape, 6 setae (PY1-PY4 and PY6-PY7). 
 
Description of the female genitalia of T. gamae 
Female genitalia (figure 7A, 7B): External genitalia 
(figure 7A) formed by dimerous IX gonopods (gono-
coxites and gonosubcoxites) and IX laterotergites. Both 
gonocoxites are unguiform, with two thorn-shaped se-
tae of considerable size on its dorsal surface. Small 
groove near apex and above ventral surface, with two 
fine, sensorial setae (= organe sétulé subapical sensu 
Deuve, 1993). Gonosubcoxite as long as wide, with ap-
proximately 5 or 6 large, thorn-shaped setae in the in-
ternal margin. Wing-shaped, slightly sclerotized IX 
laterotergite with one group of setae over the basal mar-
gin (approximately 20) and one more internal group 
(with very few setae, approximately six). Internal geni-
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Figure 4. T. gamae cephalic capsule details: A) mandible in dorsal view; B) labium in dorsal view; C) maxilla in 
ventral view; D) left antenna in dorsal view. Scale bar, A) and B): 0.1 mm; C) and D): 0.2 mm. 
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Figure 5. T. gamae thorax in dorsal view: A) Pronotum; B) Mesonotum; C) Metanotum. Scale bar: 0.2 mm. 
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Figure 6. T. gamae A) Leg; B) Urogomphi in dorsal view; C) Pygidium in dorsal view; D) Pygidium in ventral view. 
Scale bar: A) C) and D) 0.2 mm; B) 0.3 mm. 
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Figure 7. Female genitalia of T. gamae A) External genitalia and B) Internal genitalia. Scale bar: A) 0.2 mm and B) 
0.4 mm. 
 
 
talia (figure 4) completely membranous; short and large 
tubular-shaped vagina-bursa ending in spermatheca sac-
ciform with densely folded walls. The spermatheca is 
located to the right in ventral view, perpendicular to the 
sagittal plan. The odd oviduct makes a contact with the 
spermathecal complex at the invagination on the distal 
area of the spermatheca; interior densely covered by mi-
crofringes. 
 
Ecology 
In the centre of Estremenho karstic massif, T. gamae 
was found in five caves and seems to be the only hypo-
gean beetle dwelling in the deep part of these caves. Be-
tween the twilight zone and the deep oligotrophic areas 
of these caves, sometimes T. gamae shares its habitat 
with the troglophile ground beetle Laemostenus (Pris-
tonychus) terricola (Herbst 1783), and larvae of both 
species where found in the same pitfall traps, but they 
are easily recognized by their different body shape and 
the presence of one claw (Trechus) or two claws 
(Laemostenus) (Grebennikov and Maddison, 2005; 
Makarow, 1994). 
In six months of biological monitoring, preimaginal 
stages of T. gamae, appeared only in deep zones of 
oligotrophic caves, never associated with large amounts 
of bat guano, circumstance that is typical of species that 
show a strict hypogean lifestyle, unlike what happens 
with the troglophile L. terricola. 
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The larvae of T. gamae exhibits the same distribution 
as the imagos given by Reboleira et al. (2009), being 
only found in deep and apparently oligotrophic parts of 
the sampled caves, with a humidity of 100% all the year 
round. This is evidence that the larva has the same 
troglobiont lifestyle as the imago, reinforcing the hypo-
gean behaviour of the species. 
In these parts of the caves, both larva and imagos 
share habitat with several species of: Gastropoda Oxy-
chilus draparnaudi (Beck 1837); Collembola Onychiu-
rus circulans Gisin 1952 and Arrhopalites pygmaeus 
Wankel 1980; Diplura Podocampa cf. fragiloides 
Silvestri 1932; Coleoptera L. (Pristonychus) terricola; 
unidentified hypogean Isopoda; Chilopoda Lithobius 
forficatus (L. 1758) and Lithobius sp.; unidentified 
Symphyla and the Araneae Nesticus lusitanicus Fage 
1931, the last species is very abundant in the caves of 
this massif. 
The female dissected for study, despite being in good 
condition (apparently a young imago), showed very 
worn apexes in both gonocoxits (figure 7A), reaching 
the vicinity of the subapical sensory groove. This may 
suggests that for ovipository purposes this specimen 
digs in hard and abrasive substrates. 
 
 
Discussion 
 
T. gamae larvae show the general characteristics of the 
tribe Trechini. The third instar larvae displays, among 
other characters, the absence of lacinia in the maxilla, 
only one claw showing one short seta on the leg and the 
presence of secondary setae on the frontale part of the 
cephalic capsule (Bousquet and Goulet, 1984; Greben-
nikov and Maddison, 2005). 
As other larvae of hypogean/endogean carabids, the T. 
gamae lavae exhibit dense pubescence along the body, 
interpreted by some authors as an adaptation to enable 
flotation in flooding conditions (Laneyrie, 1974; Cara-
bajal et al., 1999; Casale and Marcia, 2007), but very 
important for enhancing the mechanoreceptive function. 
Small differences are noted compared to larvae of 
other species of the genus Trechus. These differences 
are mainly on the length/width ratio of the cephalic cap-
sule, the shape of the nasale, slight differences in the 
development of setae and the lack of stemmata. The 
larva of T. gamae has a remarkable resemblance to the 
larva of Trechus alicantinus Espanol, also included in 
the “T. fulvus-group” (Ortuño and Reboleira, 2010). 
The female genitalia of T. gamae, and especially the 
shape of the spermatheca complex, is very similar to T. 
fulvus and other species in its midst, and also the ones 
defined under the “T. martinezi-lineage” (sensu Ortuño 
and Arillo, 2005). The main characters of the female 
genitalia corroborate the close relation of T. gamae with 
the other species of the “T. fulvus-group”. However, it 
can be observed different degrees of development of the 
sacciform spermatheca in this species group. While in T. 
gamae the spermatheca does not exceeds the length of the 
whole vagina-bursa (with tubular appearance), in Trechus 
torressalai Ortuno et Arillo (Ortuño and Arillo, 2005) it 
is hypertrophied, being more developed than in T. gamae. 
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